Objectives: Airway failures are the second leading cause of potentially preventable death on the battlefield. Improvements in airway management depend on identifying current challenges. We sought to build on previously reported data on prehospital, combat airway management.
The most recent Tactical Combat Casualty Care (TCCC) guidelines recommend the use of positional maneuvers followed by nasopharyngeal airway (NPA) as the initial airway interventions during the tactical phase. If those measures are unsuccessful, then TCCC guidelines recommend a surgical cricothyrotomy (CRIC). 3 The TCCC guidelines do not recommend more traditional, advanced trauma life support-style interventions such as endotracheal intubation until the tactical evacuation phase of care. 3, 4 Combat medics (military occupational specialty 68W) undergo training in the use of positional maneuvers, NPA, and CRIC for prehospital airway management. Usually only medics assigned to special operations forces receive training on other airway management techniques. Combat medics (68W) maintain the emergency medical technician (previously "EMT-basic"), and the special operations medics obtain paramedic certification. 5, 6 Airway skills can be difficult to obtain and maintain for those in the prehospital combat setting. 7 The prehospital, combat environment is chaotic, with significant challenges not present in the fixed-facility setting. Moreover, there may be multiple casualties to triage and treat. Emergent surgical CRIC has a relatively high complication rate, but is the definitive airway of choice on the battlefield during the initial stages of care. 8 Adams et al noted that intubation was the most frequent airway intervention performed before reaching a combat support hospital
Key Points
• Approximately 1 in 20 casualties will require an airway intervention prehospital most frequently after gunshot wound or explosion.
• The most frequently performed interventions were intubations and cricothyrotomies.
(CSH). 9 Adams et al and Mabry and Frankfurt reported on a subanalysis, noting that medics more frequently performed esophageal-tracheal device placement followed by intubation. 9, 10 To date, there is a lack of registry evidence that recent improvements in surgical CRIC techniques/equipment implemented since 2014 have improved outcomes among patients requiring emergent prehospital airway management. 11 Mabry et al examined patients evacuated to a CSH and undergoing prehospital CRIC during a 22-month period in Iraq and Afghanistan. CRIC was successful in 68% of the cases and in 26% failed to cannulate the airway (6% without documentation were dead on arrival). Combat medics at the point of injury (POI) performed 62% of the CRICs. 8 These reports, however, did not include data on injury to adjacent anatomical structures, which is another frequent complication related to CRIC.
We sought to build on our previously reported data from the Prehospital Trauma Registry. 12 Our objective was to describe the population requiring airway management in the prehospital, combat setting; currently used methods; and outcomes within this population.
Methods

Data Acquisition
We identified patients from the Department of Defense Trauma Registry (DODTR) as part of a larger study describing emergency department interventions for adult trauma patients in Iraq and Afghanistan. 13 We sought all of the available prehospital and fixed-facility-based care from January 2007 to August 2016 on our initial search to create the dataset. Within the dataset, we searched for all of the patients who had a documented oropharyngeal airway (OPA), NPA, unspecified airway adjunct, endotracheal intubation (ETI), CRIC, or supraglottic airway (SGA) in the prehospital setting. We categorized Combitubes (Moore Medical, Farmington, CT), Laryngeal Mask Airways (LMA, Teleflex Medical Europe, Westmeath, Ireland), and King Laryngeal Tracheal (KingLT, Ambu, Ballerup, Denmark) as SGA devices. We then searched for associated paralytics, sedatives, and ketamine. The US Army Institute of Surgical Research regulatory office reviewed protocol H-16-005 and determined that it was exempt from institutional review board oversight. We obtained only deidentified data.
DODTR Description
The DODTR, formerly known as the Joint Theater Trauma Registry, is the data repository for DOD trauma-related injuries. 14, 15 The DODTR includes documentation regarding demographics, injury-producing incidents, diagnoses, treatments, and outcomes of injuries sustained by US/non-US military and US/ non-US civilian personnel in wartime and peacetime from the POI to short-term disposition/outcome. The DODTR comprises all of the patients admitted to a Role 3 (fixed facility) or forward surgical team (FST) with an injury diagnosis using the International Classification of Diseases, Ninth Edition (ICD-9) codes 800-959.9, near-drowning/drowning with associated injury (ICD-9 994.1), or inhalational injury (ICD-9 987.9) and trauma occurring within 72 hours from injury. The DODTR considers prehospital to be any location before reaching an FST or a CSH to include the Role 1 (POI, casualty collection point, battalion aid station [BAS] ) and Role 2 (temporary limitedcapability forward-positioned hospital inside combat zone without surgical support). The Role 1 encompasses care from the POI to the BAS and lacks surgical support or holding capabilities. A standard Role 2 without surgical support (considered prehospital within the registry) is at a fixed location and has more advanced nonsurgical trauma care, including limited imaging capabilities and blood storage. Upon reaching a forward-surgical team (stand-alone) or in conjunction with a Role 2 (specified within the registry as a Role 2+ or Role 2e, or a Role 3 CSH with full surgical capabilities), those procedures are considered emergency department or hospital-based (Table 1) .
Data Analysis
We performed all of the statistical analyses using Microsoft Excel version 10 (Microsoft, Redmond, WA) and JMP Statistical Discovery version 13, (SAS Institute, Cary, NC). We used a Student t test for continuous variables, a Wilcoxon rank sum test for ordinal variables, and a χ 2 test for nominal variables. We reported categorical variables as numbers with percentages, ordinal variables as medians with interquartile ranges, and continuous variables as means with standard deviations. To identify those with serious head injuries or facial injuries, we used a dichotomized abbreviated injury score (AIS) of ≥3 for the respective AIS by body region (AISBR). 16 The AIS is used to score injury severity to a particular body region as it relates to mortality. Subjects from Operation Enduring Freedom, Operation New Dawn, and Operation Freedom's Sentinel were placed into the Afghanistan category and subjects from Operation Iraqi Freedom were placed into the Iraq category.
Results
From January 2007 to August 2016, there were a total of 38,769 adult encounters in the DODTR. Based on our search criteria using the predefined ICD codes, 13 we captured 28,222 (72.8%) of those patients within our dataset. Within that dataset, 4.9% (n = 1379) had a documented prehospital airway intervention: 49 airway adjuncts, 230 CRICs, 1117 endotracheal intubations and 27 SGAs (subjects could have received more than one airway Patients undergoing airway intervention compared with those who did not were younger, more likely to be local forces, injured more frequently by explosive and gunshot wounds, with higher Injury Severity Scores (ISSs), and less likely to survive (Tables 2  and 3 ). Within our dataset, 5.9% of casualties in Afghanistan had an airway intervention compared with 3.4% within Iraq (Tables 2 and 3 ). Vecuronium was the most frequently used paralytic and midazolam was the most frequently used sedative (Table 4) . Intubations were the most frequently performed intervention. CRIC and SGA placement were associated with the highest mortality rate (Tables 5 and 6 ). 
Outcome, % Of those with a serious injury to the head (AISBR1/head, n = 4183), 14.5% (n = 608) underwent an airway intervention compared with 85.5% (n = 3575, P < 0.001) who did not have a serious head injury. Of those with a serious injury to the face (AISBR2/face, n = 136), 14.0% (n = 19) underwent an airway intervention compared with 86.0% (n = 117, P < 0.001) who did not. 
Outcome, % 
Discussion
Here, we describe prehospital airway interventions performed in adults during the recent combat operations in Afghanistan and Iraq. Overall, we found that 4.9% (1379 of 28,222) of the study population underwent some form of airway intervention in the prehospital setting. ETI was the most common prehospital airway intervention performed (81.0%, 1117 of 1379) which is likely reflective of patients receiving care at the Role 1 or Role 2 by advanced providers (physician or physician assistant) before reaching the FST or CSH. It remains unclear, however, why the TCCC guideline-recommended NPA intervention does not appear to be attempted before intubation. Compared with the baseline population, patients undergoing prehospital airway intervention had higher ISSs (P < 0.001) and lower survival rates (P < 0.001).
There are few data published on NPA utilization in combat casualties. Kotwal et al reported seven NPAs placed in special operations soldiers who sustained conflict-related injuries, and all seven casualties survived. 17 Likewise, in our study only 17 patients underwent NPA insertion, with 82.4% (14 of 17) surviving to hospital discharge, significantly more than other interventions. This may reflect that patients only receiving an NPA were perceived as less sick, or that this less-invasive procedure may be sufficient without the associated risks from an intubation or CRIC. Lairet et al reported 27 (2.7%) prehospital NPA or OPA emplacements in 1003 casualties in Iraq, but did not analyze outcome data. 18 They concluded that 10 of 37 within their study population should have undergone prehospital NPA or OPA placement but did not. Medic and Role 1 and Role 2 provider training should have included TCCC guidelines for the indications for placement of these devices, namely failure to alleviate airway obstruction with positional maneuvers. Admittedly, use of the devices becomes significantly more challenging in the setting of difficult airways, and training on troubleshooting such difficulties is likely variable. We found only 0.06% (17 of 28,222) of the study population underwent prehospital NPA placement. Furthermore, NPA placement accounted for only 1.2% of all airway interventions. This suggests underutilization of the NPA device, which is of particular concern because it is one of only two airway interventions available to combat medics in the care under fire and tactical field care phases of TCCC. 3 Moreover, civilian-based trauma data suggest that a bag-valve mask (BVM) may be sufficient in lieu of prehospital intubation. 19 Regarding SGAs, data from the combat setting are limited. Previous reports from the military setting document a total of 23 prehospital SGA insertions with a 91.3% (21 of 23) success rate. 9, 10, 17 We found only 0.10% (27 of 28,222) of the study population had prehospital SGAs placed and SGAs made up only 1.9% of all airway interventions. Moreover, they carried the highest mortality rate, which mirrors the findings in the civilian setting, probably reflecting the severe neurologic depression required to tolerate the device. 20 The low rate of use is likely the result of two factors: combat medics may not have access to this device in their supply chain and, with few exceptions, medics do not have access to sedatives, which precludes SGA placement in casualties not sufficiently obtunded to eliminate airway reflexes. As expected, compared with patients not undergoing airway intervention, patients undergoing SGA placement had significantly higher median ISSs, head injury scores, and lower odds of survival. Data from previous studies demonstrate a 7.1% (1 of 14) survival rate among casualties undergoing SGA by combat medics at the POI. 10, 17 Our finding of a 55.6% survival may reflect the exclusion from the DODTR of casualties who die before arrival to an FST or fixed facility, whereas previous studies included those killed in action. As such, the causalities in our dataset likely underwent stabilization at a BAS or higher echelon of care, whereas previous reports included only POI casualties. Some of the patients in our dataset undergoing SGA also underwent additional airway interventions, such as a replacement with an ETI. Conversely, some of the SGAs may have been placed after failed intubation attempts; this would likely have occurred in a controlled setting in which the casualty was pharmacologically obtunded, which generally confers a lower mortality risk than those obtunded as a result of injury. Mabry and Frankfurt previously called the use of SGA on the battlefield into question because SGAs were designed for use in cardiac arrest, pharmacologically obtunded patients during elective procedures, or as a backup for failed intubation attempts. 10 Data from medical evacuation records found no benefit to SGA placement over BVM, which generally mirrors the civilian-based data finding that BVM is likely sufficient or even preferred. 19 Surgical CRIC is the only definitive airway management technique within the skill set of the conventional combat medic. Previous reports on US military prehospital CRIC using different datasets describe a combined total of 118 CRIC with procedure incidence rates among all battlefield casualties of 0.25% to 2.4% and mortality rates of 66% to 90%. 9, 10, 17, 18, [21] [22] [23] Our study captured nearly double that amount, and we found a similar procedure incidence rate at 0.81% (230 of 28,222). In our study, patients undergoing CRIC had significantly higher median composite ISSs and AISBR1 (head injury) scores. Our finding of a 55.7% survival rate among patients undergoing CRIC is greater than the 10% to 33% previously reported, however. We are not able to control for differences in associated injury severity; therefore, although this finding suggests correlation, we cannot demonstrate causation. 10, 17 Studies evaluating CRIC in the civilian trauma population also report lower survival rates at 15% to 33%. [24] [25] [26] [27] This finding again likely reflects the fact that patients had to survive until reaching a BAS or higher echelon of care to enter our database, as discussed above. Given the low incidence rate and difficulty in maintaining competence in performing this procedure, future research should investigate the utility of airway devices to maximize rates of success with surgical airway management on the battlefield. 11, 28 Devices with semiautonomous functions may substitute for gaps in skills acquisition and maintenance. [28] [29] [30] [31] [32] ETI is the preferred, definitive airway in trauma patients. 4 In the military prehospital setting, ETI is generally performed downstream from the POI by medical providers with at least some airway training and access to induction and paralytic agents, namely, physicians, physician assistants, certified registered nurse anesthetists, and some special operations medics. 9, 10, 33 Previously published studies on US military prehospital ETI using different datasets report a combined total of 336 ETI with procedure incidence rates among all battlefield casualties ranging from 2.8% to 3.7%. 9, 18, 22 ETI was the most common airway intervention performed prehospital, with rates of 71.4% to 86.3%. 9, 22, 34 Our study captured more than three times as many ETIs (1117 vs 336), but the 4.0% incidence rate (1117 of 28,222) and 81.0% utilization rate were consistent with previous military reports.
Mabry and Frankfurt's study is the only previously published military study we found to report mortality data for combat casualties exclusively undergoing prehospital ETI. 10 This study comprised only 20 patients and reported 85% mortality, although this included casualties dead on arrival. 10 Compared with the baseline population, patients with ETI in our dataset had significantly higher median composite ISSs. We found a 76.4% survival rate among patients undergoing prehospital ETI. Incidentally, patients who underwent ETI experienced an increased probability of survival compared with those who underwent prehospital CRIC and SGA insertion (76.4% vs 55.7% and 55.6%). This difference in survival rate may again reflect the higher echelons of care in which the patients in our dataset underwent airway management and, by extension, the higher levels of training of the healthcare providers at the Role 1 and Role 2 resuscitation facilities, which the military generally considers prehospital. Furthermore, it is likely that many of these healthcare providers were members of a trauma resuscitation team that stabilized patients with an ETI along with other lifesaving interventions in advance of medical evacuation at a Role 1 or Role 2. These resuscitation activities may have contributed to the higher survival rate observed in our study population.
Midazolam was the most frequent sedative agent used, with ketamine the second most frequent. The higher frequency of ketamine utilization may be partially attributed to its emphasis in TCCC guidelines for analgesia, relative safety with respect to ventilatory function and hypotension, and versatility as an analgesic, procedural sedation and induction agent for rapid and delayed ETI. 3, 33, 35, 36 We were unable to determine the indication for ketamine administration (analgesia vs induction) and thus it is possible that many ketamine administrations were for analgesia purposes. Vecuronium and succinylcholine accounted for most of the paralytic administrations. The greater frequency of vecuronium utilization may result in part from the storage temperature requirements for succinylcholine in the austere combat environment. 37, 38 Based on the findings of our study, we recommend the following:
1. TCCC-specific training for all levels of providers who will participate in Role 1 and Role 2 (without surgical support) care on escalation of airway management 2. Targeted and, more important, funded development of airway technology that will improve airway management in the prehospital setting 3. Improvements in prehospital data capture to improve the quality of performance improvement 39 There are several limitations to this study, including the survival bias discussed previously. First, the observational nature of our investigation means that we can only demonstrate correlation and not causation, given the potential for confounding. 40 Second, for inclusion into the DODTR, patients must arrive at an FST or a fixed facility with signs of life or ongoing interventions (eg, cardiopulmonary resuscitation in progress). As such, the DODTR does not include those killed in action or those dead on arrival without active interventions being performed upon reaching the FST or CSH. Third, we do not have sufficient data to determine transport times. It is possible that prehospital airway patients had longer times from injury to arrival at FST or fixed facilities. If true, these longer transport times may have increased the need for airway interventions to ensure a patent airway in patients progressing to shock states or with worsening mental status in the setting of prolonged evacuation. Fourth, the available data do not delineate the level of training of the prehospital medical provider who performed the airway interventions. In addition, the data do not indicate the number of unsuccessful attempts with a specific airway intervention or in what steps events occurred before successful airway establishment. Consequently, we are unable to characterize success and failure rates among different prehospital providers, which may have provided some insight into at-risk patient populations. Fifth, we are unable to characterize with detail injuries to the airway and adjacent structures. Moreover, in those who died we do not know the cause of death. Data were included even if they were incomplete. Furthermore, the trauma registry data are subject to human errors in data entry, retrieval, and perhaps most important, failure of inclusion. Previous studies have demonstrated that US military prehospital documentation rates are poor, which limit data quality in the registry. 41 
Conclusions
Patients undergoing airway intervention were most frequently injured by explosive or gunshot wound. Intubations and CRICs were the most frequent airway interventions performed. Patients undergoing interventions were more critically injured with higher mortality rates. Further research is needed to determine methods to reduce mortality in this critically injured population.
